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Annual Exceedance Probability (AEP)

" AEP iIs probability that the discharge will
exceed a given discharge in any year.

" AEP in percent is the reciprocal of the
recurrence interval times 100.

" Example: For the 100-year flood, the AEP is
(1/100)*100 or 1% for any given year. There is a
1in 100 chance each year that this discharge
will occur.

2 USGS



a USGS

science for a changing world

100-Year Flood—It's All About Chance

Haven't we already had one this century?
On the river near me, we have had two 100-year floods How accurate are estimates of the 1-percent Annual

in 15 years...l really am confused about this 100-year Exceedance Probability (AEP) Flood (also known as the
flood stuff. 100-year flood)?

100-yeur

magnitude. Floods

happon iregularly

streamflow data.
equal or greater magnitude than the

The graph above shows how krreg
ye 3 the Embarras River near Ste. Marie - ude of the 10-year Mood
wagh fy 31,100 cubic
een
ade ranged from 4 10 2% years. but the aversge of
is about 10 years

Admstiedly. use of such terms as the 1O0- year Dood™ can confuse or unintentsonally
¢ anfamiliar with flood science. Because of the potential confision. the
<al Survey

o “100-year

Author information
The designation of the | l Robert R. Holmes, Jr. and
“100-year flood” was § | Karen Dinicola
changed for my river [ ¥ r— ko soser
recently—Why? i Office of Surtace Water
415 National Conter

Roston, Virginia 20192
7006435301

- waterwatch.usgs.gov

http://pubs.usgs.gov/gip/106/




Guidelines
For
Determining

History:

* 1967 Bulletin 15
ot 70 * 1976 Bulletin 17
b s * 1977 Bulletin 17A
Caoral Carectons March 1982 * 1982 Bulletin 17B

* 2072 Bulletin 17C

INTERAGENCY ADVISORY COMMITTEE
ON WATER DATA

S, US. Department of the Interior
3 Geological Survey
ckvgpr9y;/ Office of Water Data Coordination
i s Reston, Virginia 22092

http://water.usgs.gov/osw/bulletin17b/bulletin_17B.html



Annual peak-flow data for a gaged station
a USGS

USGS 11051500 SANTA ANA R NR MENTONE CA

o

=
=
=
X
b
o
e
b
=8

O

o o
3 {}{} o

< & e
o @&@%ﬂﬁa?&ﬁm% gﬂﬂ%@&%ﬁ%ﬁ? aﬂ‘?@@’f WG""?@P{M

1892 1984 1916 1928 1948 1952 1964 1976 1988 2008

wpt
oL ]
[+E]
L
%]
=]
=
=
(L]
=
=]
[
=X
(=]
]
L
| =
m
+E]
[
et
[Ty
-
[1-]
[+E]
=T
]
)-]
=
=
=
=




where

0,

H‘:’
ri

K

logQ =X+KS§,

is the P-percent chance exceedance flow,
in cubic feet per second (ft'/s);

is the mean of the logarithms of the
annual peak flows;

s a factor based on the skew coefficient
and the given percent chance exceedance,
which can be obtained from appendix 3
in Bulletin 17B; and

is the standard deviation of the logarithms
of the annual peak flows, which is a
measure of the degree of variation of the
annual values about the mean value.




SANTA ANA R NR MENTONE CA
(11051500)
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Annual Exceedance Probability, in Percent




~(G)

MSE ~(G) + MSE

MSE o + MSE

G

is the weighted skew coefficient;

1s the station skew coefficient;

1s the regionalized skew coefficient;

is the mean square error of regionalized
skew coefficient; and

1s the mean square error of station skew
coefficient.



GENERALIZED SKEW COEFFICIENTS OF LOGARITHMS OF ANNUAL MAXIMUM STREAMFLOW
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Prepared in cooperation with the Federal Emergency Management Agency, the U.S. Army Corps
of Engineers, and the U.S. Forest Service

Regional Skew for California, and Flood Frequency for
Selected Sites in the Sacramento-San Joaquin River Basin,
Based on Data through Water Year 2006
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Scientific Investigations Report 2010-5260

U.S. Department of the Interior
U.S. Geological Survey

http://pubs.usgs.gov/sir/2010/5260/



Regional Skew for California

G = 0.68 — 1.3¢~(ELEV/6500)°
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Expected Moments Algorithm (EMA)

Historical Data Systematic Data




Multiple Grubbs-Beck Test

Figure 2. Flood-frequency curves for Orestimba Creek near Newman, California
(station 11274500) showing the effects of including or excluding low outliers
identified from the multiple Grubbs-Beck test.
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Regional Regression Analysis




Regression equations for ungaged
sites outside of the desert

QAEP — aAbBCCd--- y

where
Qaep = flood discharge for specified AEP level
A,B,C = are the basin and climatological characteristics

a, b, c, d = the regression coefficients
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Basin Characteristics

Drainage Area

Basin Perimeter

Relief

Mean Elevation

Maximum Elevation

Minimum Elevation

Percent Lake Area

High Elevation Index

Elevation of Outlet

Relative Relief

Distance to Coast

Average Basin Slope

Percent Impervious Area

Percent Forested Area

Mean Annual Precipitation

Average Maximum January Temperature
Average Minimum January Temperature
Longitude of the Basin Centroid
Latitude of the Basin Centroid



" Regression equations for regions outside
the desert take the form:

Q.ep = a(DRNAREA)® (PRECIP)C

" where:
Qaep

DRNAREA
ELEV
PRECIP

a, b,and c

2 USGS
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IS the annual exceedance probability
flow, in cubic feet per second

IS drainage area, in square miles
IS mean basin elevation, in feet
IS mean annual precipitation, in inches

are the regression coefficients



" For the Sierra-Nevada Region, the
regression equations take the form:

Quep = a(DRNAREA)P(ELEV)S(PRECIP)d

" where:
Qaep

DRNAREA
ELEV
PRECIP

a,b,c,and d

2 USGS
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IS the annual exceedance probability
flow, in cubic feet per second

IS drainage area, in square miles
IS mean basin elevation, in feet
IS mean annual precipitation, in inches

are the regression coefficients



Updating Flood Frequency Estimates
In the Desert Region of California

« Unique to the western United States:
numerous zero flows/ low outliers
short annual peak-flow records
highly variable peak-flow data

B Viddle Cascade Mountains
! ‘,.1 Saiton Trough

« Standard LP3 fitting method doesn’t —pomitin

- Sonoran Desert

work with the desert peak-flow data > [

« Asrecommended in B17B, flood-
frequency estimates are improved by
weighting at-site skew with a more
robust regional skew estimate
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Updating Flood Frequency Estimates
In the Desert Region of California

« Because of the problems of the at-site
peak flow data, the at-site standard
deviation and mean were also
weighted with regional estimates of

B Viddle Cascade Mountains

those parameters in the desert region B s e
0 B sonoran Desert

- In Gotvald and others (2012), in review, [immgd’
regional standard deviation and mean
were developed for the desert region
of California
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Updating Flood Frequency Estimates
In the Desert Region of California

Regional standard deviation:
0.91
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Updating Flood Frequency Estimates
In the Desert Region of California

Regional mean:
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Updating Flood Frequency Estimates
In the Desert Region of California

OUSTON C AB LK GREGORY A CRESTLINE CA
(10260620)

Length of historical period: 14
# of peaks: 14

# of zero flows: 0

# of low outliers using MGBT: O
At-site standard deviation: 0.31
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Updating Flood Frequency Estimates
In the Desert Region of California

PINYON WASH NR BORREGO CA
(10255730)

5 10 5 2 0.2

Annual Exceedance Probability, in Percent

Length of historical period: 14
# of peaks: 14

# of zero flows: 6

# of low outliers using MGBT: 6
At-site standard deviation: 1.81



Updating Flood Frequency Estimates
In the Desert Region of California

Regional Prediction Equations: log(Q,), =u, +K(7,.P)*0i.

« The average standard errors of prediction for these regression
equations range from 214.2 percent for the Q,, t0 856.2
percent for the Q, ,,, annual exceedance probabilities

« The large standard errors indicate the difficulty in accurately
predicting flood flows in this region of extreme flow variability

« These standard errors of prediction are smaller than comparable
errors reported for the prediction equations for the southwestern
United States by Thomas and others, 1997
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Questions ?

Anthony (Tony) Gotvald Nancy Barth
Hydrologist Hydrologist
USGS USGS
Atlanta, GA Sacramento, CA
(770) 903-9310 (916) 278-3171
agotvald@usgs.gov nabarth@usgs.gov
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